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PURPOSE: To provfcJa a highly rattabte aami cond u ctpr 
igni miuuuiq Mnwii rwrig a rMQn mmwkjub mcm icy. 

CONSTITUTION: An rvAIG^n kw dad layar 2, 
p-GalnP activa layar 3, p- AIGalnP uppar dad layar 4. 
kw p-AIGaAa currant dimming layar 5, rajh- 
raafctanca tayar 6, and uppar p-AJGaAa cunant dffuaing 
layar 5 ara auocaaaivaly fbrmad on an n-GaAa aubatrata 1 
by groaring cryatala. Tha Npjh-faaiatanca layar 6 ia 
fbrmad by tarnporariry changing tha dopant from Zn to Mg. . 

tha alactrio currant injactad from a p-aida 
la auffictantty drfruaad In tha lataraJ 
in croaa aaction by tha layar 6 and injactad 
to naarty al area, of tha activa layar 3. Sinoa tha 
layar S can ba fbrmad In a thin layar, tha I nja ctad 
ciaram cmy *m ncrwaaa wiumm wicrMwny ma 
mcunb faaww <a a v R wiiuiiy oiarnanc. ovioa 
tha layar 6 la Iran, in 



t cryatafinity can ba fbrmad. 
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<C« MCWC6«CT B±«fflOW| * 

<72)3W» KM tt# 

MBMKSlMDRnEUJMTlOM 4* 

(74)ft*A *W± if* »Jf 



(54) bwo**] 4^«»^ttt^aK¥^»t«^*«fflUft»ag», 

«ZftEIMMW 



(S7) [Sfi] 

[flWU n-GaAsISllIC, n-AlGaln 
PT*9*F»2. P"-Ga I nPr§ttH3, p-A 
IGa I nP±*5> KJf4. THkD p - A 1 G a A s 
*i*ftfc»5, *S!fiJI8. ±M<Dp -A 1 GaAst 

6tt. F-A>h*Zn*6>M*K-Bij8<Kc£;t*C£ 
rKffiM^ri«)(c+^»:ttft$ti. r§ttJKD««£««ci£ 



10 



e 



10 



:~3 



1 

J-9 



V. 



immmm 

[9*91] mo&ticimMmmsti. mm 

mmttmnmt vmm&mttmfticis&mi 
mite t zmt t ivwtmx*. 
[31*32] muxmmtt. m&mxmtmat 

[9*93] mu-^wsnmvt. tt&mm&bwm. 
-ci^ci m&t -rznmix.it 2 ccaE«©¥9» 

[»*94] 8«©±;frtcr§tt9*iftJfiS;**i. ?gtt9 
±K»«©it£9f*9#99atV ^34¥9{*»±{c8P# 

BfiXL. *»99K^LT9EEPj^94LfcC44 
^4*S¥9<*lfcSlH*f. 
[9*95] IJffirSffii«:?iA-rsaA«it©«^5 
^*!WK-rs«i«»^«ijS4wr*it*Jii. 2. 3 

XI* 4 

[9*96] l3E*«4UiBr§ttJl<!:©fffl«:^»S« 
«*»WfcC 44894**9*91. 2. 3. 4X» 

[31*97] 3H*9l. 2. 3. 4. 5X«6(CB9 

[11*98] 311*181. 2. 3. 4. 5XB6CC3B9 

9*** U>X4*6**l«fe«9. 
[9*99] Jt*97XH:8fcie«©l&:>£3£94. ^ 

#^84 4«*./tifc?l*fc]£9. 

[3**9 1 0 ] 31*97 Xt2 8 (CtE«©9#994 , 

[3**9 1 1 ] 3f *97 X« 8 fciea©*7feK*4 . 
3i*^«rafflW*4£M**J5^a4. £##8 

[»9©3*9&»W] 
[000 1] 

[**£©««#»] **EWi2¥9<*l83£**#W:S 
#*9*9989»tf*9£99«cH-r*. afcttfc 

(2. *aex«*fl»«*i9^©^»-cji»r*ii»a 
9. mjiommmmttrnx+t, -the©* 



* 6 

*WB*8-3 2 1 1 1 

2 

[0002] 

1 7 1 6 7 9#&9{CflJ*3fifc *>©#**. C©£# 
**N©9E9j§4H 1 BlCqir. leifcfrfNtt. n- 
GaAs9«6 l©±«Cn- I nGaAl PTf 5y f 
982. I nGaA 1 PrStt983. p-InGaAl 
P±*5»F98 4. p-GaA 1 As991fttt98 5 
»O t p-GaAs* + 7796 6#9;X99<*ft. C© 
* + 7 79 6 8 ©±«C A u - Z n * h fc* p (M9C8 7 
SCf n - G a A s 996 1 ©TfflfcA u - G e 
nM998 8*J^«3*irt,»-5. 
[000 3] CVmJRTNlCls^T. pOH9967*» 
*ifc*i*tfH 1 6 OBlTwtJ: 9 (C99£lft 
98 5Jcfc<,>r8fiffi9:^{c&|R;**i. p<H998 79 
T(cit***sMI£;WfcJ>u pjH996 7©92Z99 
JC»«Tf*iStt98 3«caA3tii««WUtflirri. c 
©9*. rStt96 3-C^£3nfc3fe©5%p(IWS«« 
KJ: 096h*#6Jfe«#«d>-r 4 4 4 *>(C p 9996 7 
©9293*6©£*9#iMDU #fefc*?N©#8fc»> 
9*<|6lJbf *. 

[0 00 4] CCtC*l>-C. 998996 5 cetera 
A3hfc9«*«*l<i){C+^{Cld;»S*4fcft{C« > 9 

frl*. «itJ£l!(96 5©W3*A#<-rn«. 99fttfc 
98 5©JSCi*A*<«:»)aA*ifc6iSM>-rS. c©fc 

A. li««^N{c*or»jian*©fii»tt<4*9c>r9 

attt»96 5*«lSL-Ct>i. 
[0005] 

[f89J#9&L«fc5 4-r*sHI] ffiK* 
©fil^*«^fc4Lrfctt»fl<]W^««iaR«6 5 
*Jgisrr*.£-l?jW**/c«). 9Att(c9ti^9»iC99 

«ffift96 5 4±*7 v K96 4fc4'4©99«9«© 
*,>KJ:5* h <9#**N©99tt«c<>ra 
9*i*o/t. S&tctt. 99£996 5©ftg9lBI©it 
flOfcm*. Rfin^ h*si«<^S4l,Ora«^*i*-> 
fc. 

[0006] *!69«a±©S£*«©^fc9*rft 3 

^/tfc©r*o. ■e©BW4-r44c5J2, 9099© 

99i£9949l>i C 4tt < &A9949:*fl6l(Cfcft3 
1*4 C 4K«k 0 ±£W9j*i*»«t * C 4 4 B*J4 or 
l>4. 

[0007] 

[»9*9i*T ifc»©#S] *H9©9 1 ©¥9*9 
tf*R2. 9«©±*Kr§ttii*i^«3#i. «tt9±«c 
9«©¥9(***»*2n. ^9¥9*9±(c9^)(C 



nmtonovtRmtMmmmmimtttct* 
8»4t,-c<,>*. 

[0 00 8] cot*, msxmmimnmti&t 

5C4iL-CfcJ:l>. «fc. j*ffififfi*tt©«*iiA» 
8©iTF©4>& < 4 fc£<*fc b < «-3WC»tt* C 4 4 

tooo9] *m<onz <0**(*J6**^B. s«© 

flUISft. 3«*t«*Ji±«cawtt«:«i«»«»«3 
ft. S«©T*«c»®«S*i«fiS?^ft:^ffiffi«ScD* 
*{*%£X?tC*U>T. »E**ittlrt<caiM£tK*Ji 
4a»a**S©illillWi*#fiJtU jS»*«l«:te3iL-C* 
HBltDpJffii bfcC 4 *»«4 b-ft>&. 
[0010] i:B3«ifclfc)IH*f K*o-ai. »Effitt 

■cc &at s£A**©ifc ft* mmzmi* 

W&im-fxh^. tit. UE«S4i»iarStt»4o 

miczmsamzmizomt u>. 

[0011] *2*93©SI 1 <D&£8Sl£*&9i0¥*<* 

8W-*U>X4*>6«Jj*Sft. *IBJB©a#«{Itt*28 
WO^ftl63fe«^4^»*«i*l6** : F©W»*** 
J|l;*tf4 l/>X4*>61fl«3ft*. 

[ o o 1 2 ] tit. *3™©*£tt**js«» * . *n 

S45t)6^S44«*-rna. 
[ 0 0 1 3 ] i* *«9I©#<&£Sattt. *IWI© 

£#*84*«*.-Cl.>*. 
[00 14] 

[ffffli *»»fcj:4sii©^*#i6*«^«. mm 

©r. J*ffi«Sfr6^?ftfc*i*tti«6!n*©#£<c 
jr^-c^ftUCDWiUt^ifiUcJtftSn*. c©*SJS. 
Hm&Mi ilii L/taA«««rittJi©t2a±ffi«cfefc 

±ffl«3t«*6J»*J:<a«*3*4C4!»«r*4. C© 

-c. i«t*^©miitt*««c*3ti*c4tt 
^fis-r4c4*fc#i. tic. mtsmmommum^o 

*. **ft«*m^3ftTffci*f ©«;&**< -r* 
c4«i-cts. 

[ooi5] c©4». mmmtmmtmonvt 

«tt©-»«*«:l*K** <fc 9 KjRgCi* «r«W 4 4 . 
&A3*ifc«*(J*ffift«©??&L£t>Mi**!*#i*© 

•c. sas«si«iB*ft©iai©««fifii*J:o^3<-r 

ft. *6KI6jfc»**i*s?>4C4*i-Ct*. 



3) ftW¥8-32111 

4 

[0 0 1 6] 3 jft&Kfl*ftiI*S©ft»&A& 

8fiT©4>&< 4 < tt-»K«W*C 4«CT 
fttf. affl«i* 1 6aA3ftte««* 1 *-'t<«cri14«i 
cc*ft*©4ffljtu «3ta4»l&r4rittiifB«^« 
*£iiA;*tf4C4#r**. Lfctfo-C. 
Jfe«^©l6«J6***«>6C4*i-C#S. 8CC. **» 
^Jttl/fca^^Kfto-CB. IB3t)i4*Ht;tSj§ 

tt»«W©«f <i>awc * rwttfcAS * * c 4#r * * 

10 »*C4*1-C#i. 

[0017] *ISW©*2©¥##lfc)iawc»o-C 
«. Stt)14*ffi«S4©iai©**{*llrtK:06S3ft/t 

a»*«s©3»*wi«. mEJWin3ftrc>&<,»ttt»K 

*oTttl«6!aJ14l/-C»# t SSffi*«*»6iiA3ftfc 
«tfitfBfl#ffllcttlk3h. 3»*«»±iiK:S8l3ft 

c©4». aw«uc«E*BBn-rftaaw«itt 

ftft:«flf«-»(C«ttJl«:gEA3fti. Lfc#o-CSB2 

20 +»«Mt»3-ttac43&Jr*. ft««=©*3R#fcfca& 
[ o o 1 8 ] tic. wmwte<o*t%x*t*zc 4 

Kiot, l6*a«:*HirrSrStt«©«S«{c««4raA 
•*-*C4*»-C#S©-C. S€.{C|fe)imil*ti*»4C4*l 

[0019] S P»(CS«4rSttji4©lffl{c^)15l*BI«r 
HW44. r§tt»*>6Sfifll^aitSftft:3t*^)15» 

30 C4*-C*4. 

[00203 ticctie><D¥m»&%m : f-zm£&* 

ft¥tt*n£iff. ^ffNlferatlI*«i>»£JteSBic 

[002 1 ] 

[«tt«] HiK^-r«»©«. *#6w©-n»wr*5 

Ifcfc*?- A *^T»rffiflljSHr * 4. 2 tt n - A 1 G a 
InPT*9»F»» 3ttp*-Ga I nP (4KiJ 
P--A1 Ga I nP) ffltM. 4«p-AlGaln 
Pi?7 7 FI. 5»p-A 1 GaAsftiftftttJI. 6 
40 ttmmnM-C*>iX. AttGaAs»fil©± 

©«i*l£IR«5**SaJSS3«. «U>tXfi{a|6SV 

±<n©«i*s:ttJi 5 *-tn-e*nsasSfi3 $ 6 

tc-t©±tc p * - G a A s * +• f -fm 7 JWBfifc* ft rt > 
4. C*i6©p3!¥i*<*« (r§tt»3*>6 + t 7^1 
7) KBWittf K-/Oh4l/-CZn««ffiV>6ftT*» 
»J. «fifit«6«-e©«ii**ii»<ttiJ:5«CK-^> 
h *«AtfM» «c-««{c3t*4 C 4«c J: o TlSflfiXS 
Sit. m^mm<DH&tnM6Z%0LU>Z. Kb. C© 

so nmme \txm.&m 5 <t o 6iSjgin-c* 4 *«. 



c 



5 

t,»r. *+7^)i7<D±K:«p«(«i8*i»J3E?n. G 
a A s£«l©TfflKttnffjmS9W&S3tvCl>S. 

[0022] (Lcm^n^kicmh^nviii^xistH} 
a^rast^^ <^,Tfeo, a 

2 (a) tcin1-J:5tc. p««*8fr6&Ai*tifc*i* 

Sti. r§tt*3©««£«ifcG>6:)fc&i||ifei*ft*. Lfc 
#oT. #8***M£*P««*8jWefi*3tva»fcc> 
i 0 m& 1 0 * 6»* J: < » "3 C 4 ifi 

fcW©fcl»^©l^*?N«:*oTtt. 32 (b) JC 

^•rj:^«:*»^©iyaR^Aii5ic©»ita:lwi6 5 

*rCt,>fcl»C4##**. C©«fc5(C. *ijfcffiffcj|5rt 

tilfcffiiStStfiC 4 #?#*©■?. pflWS8inlW* 
ft 9 4©|B!©«SU6!a*i*a < 61*. i* 
<r*C4#r**©r2aW*A©m*J*J:'D*S 

<-r*c4t>r*s. s^k. *s,ii^#tt*swjs#& 
««-ci«!Sfii»8^*»jiE3-&aci*ir*4©-c. a 

CO 0 2 3 ] ±E»#**AK:*o-C« K-'O f-*£ 

^4cttt<aa©F-/oh*»jts. mazn 

F-/t> h KM g fcflUA* CiCCtf) iftfitnS 6 *Efi* 

•T4c4{corfej:<. F-e>*JMt*«6-rc4K: 
i9iWSfi«6*j|&ixT*C4fcr*i. C©J:5{C|S 

assise f-/<> f- ©«*«£*& 9 iafltemrrs 

Wt=>* h *±tf*C 4fc <!6#J*?-A*fm-r*C 4 
1$K h *3E*.4C 4(C-rft«m>* 

fiirt«e-Ci£A«t*fitt3tt4C«!:^-C*4©-C. is 

3fe*fA**<r*S£-c»i!£-c*.5. **. c*i« 
ntc fcisafits s txM&amm 5 tc^«» -y * > * y 

<. 3*KBft©fitt***^tt«m>Tira*M6 

*«SW*c44l,r<>,l:n. *r#©;fr£{cj:*itfy* 

>©&A&ft*£* a c £ »c«fc 0 ffar s mmiomin. 
i tct 0 3 6K»i»*«aji»8 imi&ti c 4 tr * 

5. 

C 0 0 2 4 ] H 3 tt*ffcW©JMfc!?itW? * ! 




c) mva - 3 2 1 1 1 

6 

';r©^««.#.r*^^W{cs*-ri«^ 
«©«Ftt«r*iJfflL-C. *f->5/*^yr*<EHW{ci« 
»fcfc©*(,M,>. ^f-^-v+ji-oa^i^x^Jii^'; 

■4 r »t ©*a & iw >j/ + ;^an^r« 

*«©£**«* SS«^-CS«3*ifc«^*© 
(4tt#. *JvetiEW£.#-- 5»IW"4a{c*©nfl| 
10 (n=l. 2. 3. ©K») r-mvCI,>*4t{C 
tt. A»3hfc**«tt#iib. *H 

U A»-f*«*«©x*;M f -4E4rft«. 
(2m,-x (E-AEc) ) *"x (d,/h) 
= (2mi"x (E-AEc) ) ,/, x (d./h) 
= 1/4 

ms zmttiu . *M*»a«j§*j&aw- * c 4 # 

20 CMy7«{Ctetf**F©*ra&iM. AEcttWS*^ 

*wcz < Him^^^-AKo^TfeHaKcc 4*1 

mil 5. 

C 0 0 2 5 ] j*fc»K3iipj*-*4|y!HRT Btc*-,r 
tt. K-t>y3tiri»ftt,»A l.Ga,., I nP (x= 
0.7) 1§6 a 4 K-fcf>y3*VC(,>&(,>A 1 .Ga,.. I 

nP ( X =o.2) mebw&Ktci om-r-?mm$t\x& 

C©2«K©^W*»8a. 8btt5IH^« (mono lay 

mmm e «c j: -> -c p funsi 8 * e>&A<* n^«iftttK 

*»A*C4*1-C#«. 

c 0 0 2 e ] zmm* mmnmzmm ucittmm e k. 

*4^i;r«l©J»3t>aJH*i«Rf5c4fC«t-,r. 3f 

a* 5*fr©KS$w e *ffl*{c««-r4 c 4#r *. 

40 ^K***«d©J:^«:»Il^€)^ttJ18 a. 6 b* 

C 0 0 2 7 ] B4 ( a ) IC^t t>©tt**W©88^Jt 
»8 ttp flH«ft 8 *>6aA3tifc«*«B©-3i5««* 

»wr i *. r> cc l r tttftfc* 5 rticaw 6tir t »4. 

C©J«S!nW8B. 1 (GaAsSSl 

#>h*+->7mi) *«ttLA:»CC**^^>*ff£© 
»««cittcc-<*>aArsc4{cj:o-c*«Lr* • 
50 *. C©a3fe*^C{cfet,>rttH4 (b) CC^Ti^tC 



c r c 

(5) f»B¥8 - 3 2 1 1 1 

7 8 

pflB««8*>6aA5ti/ta«ttl««ln«6K:J:-,r»r *i. 

ffi**[SjCca«t3n4 4ifc{C. -aHt«tti*«fii»6 [002 9] 36K. t><DWM*Q.Ax-*** 
SffiS6©»tf6hTl>ft^M«*a*©-e > pflfttff 

8 4nffl*«9 4©lil©m»fcJfi;^&<&r)j§ttJI3 [0030] 85K>nr<>©tt*^©3 fctcSlfclllt 

^©itAsawiiJirt-ais*. a#a&s*36K»*4 fffc*s#^*?D*^*»rffi<ijiHr*5. 

C4#r**. *fc. C© J: ^ CC1«|&£Ua 6 D{c*-,rttn-GaAsS*l 4T*5* F124© 

tcftttsc 4 rwaaae waited ©ttAst«*« micjtiisaHU 1 2 *w*6#iti»*. mskm 

*i. lfct*10*6©IKfe«*A*<-r*C4*i-C* 10 1 2 BJSJr^JI** 2 -?©¥*&)■. W*«n-A 1 
4. **IS*KW*ii£{Ctt'<«. P»J*tt8 4 Asll 2ain-A IGaAsfl 2b*£SK8W| 

n§IM9 4©|B!©mfUift#*3 LfcHjfiiftor^S. CCT. AlAsH12a©ja 

3r**n,. A 1 GaAsfln 2 b©/H*r**n,. ffitt 
[0028] C©J:^tt^af^ttAffi4ffll>n«. 13 r^3tlfcjfc©*4>£S *A4bfc 

tmixzzct<c*Qmmmir*®McimiK z^om^mi 2a. i2b©w»d t . d,« 

S 6 4. C©fc». P§J*B8*»6**irt:« d, = A/4n, <B 

^KiW^e^atf&^c^sgfcBraraoT. d, = A/4n, o 

Hml/fcJ:^{Cpffl!W*8©«*aA«JjiaT©^as« 4&*<fc5K:EfiS3ti-a>*. 
* (-UtofiiWrcfto-CfcJ:!,*) tc»W*C4«c*ft [O 0 3 l] C©*H5HBMU 2{C«to-C«tt)I3*> 

«. P«I«*8*6^3ftfc«*#S-o-r?r§tt»3 20 6Ga A s»*n #fflNtil*3*fc#BlfcfcSl 0~>4 
K«ftS©*»itU I^10(c»l£rr4f£tt*3« SWSti. 36K:»it3»**fiLk3if4C4*ir*.5. 

mw&i&xticiifiimo-c. fctc»fte-c** 4>Lr-3SttsfcfiA,. a,. •-. Abator 

d„ = A 1 /4n l . d^A.^n, (SRI #S©*B5#»i) 
d„ = A 1 /4n l! d.^A.^n, <jS2#S©£Ji5»«S) 



di,-A l /4n 1 , d,,= 

tttizim^Tr-xD imozmmtmmi 24a 

SI" -5 C 4 (CJ: ») A , *>6 A , t T©«fi*^rr5 ^O- 
F&**K»3**C4#-C*. *Stt*3-C|fcfc3#lfc 

wz^&&<D%nm<ft%M\ o*6«»)ffl-rc4j&i 

rt*. *fc v JSW»A#**)3»*J:<®W-r4C4*J-C 
[ 0 0 3 2 ] 88 ( a ) tt**W©3 6tCJM&f5ft«r 
LT* 9. «*ffiKS5©±Ccff5fiSLA: 
0*HDL. JUM1 3©±ffi^iH«:i8BfcpflH«i8 

*Hne«©rtjg«r* » 5 ^» 7 (c««3 <*r 

C©#&5£**ER:*-j-C«. pfflMM8*»6&A3*lfc 

«t«H 8(b) {c^r«fc 5 k. ««ta» e -emmrn^ 

8U*«c«toWtA3ft*. S£*. «**W»fi4t/t« 
ftJWcfcor fi. IMS 1 0 cctfg? &r§ttS 3 ©« 

y i;-a>fc**. c©j:^jc»fffiai8*a 

c 4 K J: 9 &X1S 1 0 fc*tJ6f irittJt 3 eiftfcfl 
**raA«t*tttt-r4c4*irt. 

*f#*C4#?#4£T»{cab*#**i,>. *fcH7JC 
^n^jR?F©J:9(c. pflW««8*>6©«atgH* 



A,/4n, (Si#B©*HS«»i) 

Wlf 4 J: 5 K p SS«©«taA««iIT©«W« 
tc. *fi$W8*»(t4c44t/r«>J:i>. C©£5& 

30 DBtcaxHR^Ftca^rB. jsit)i3©ifc)feaio{c 

*ffc* *««C «fc 0 £ < ©«t*£A* *c 4*ir» 

a. 

[003 3] 4/!:. H8 (a) «C^Tfc©tt**W©3 
6CCSltt|£*«-c*ilBMyR^G©»rBil«j6Hr*-, 
r. «Mtl»i5©±fC0fiJ3tife*»,7 , )i7Siyp 
MSS8 *x » y Lr#fc)t« 1 0 *HO or *4. 
*fc. *«ta)18J:0fcT#©*ai£|»i5K«ajta[ 

1 0 4»ic-r5««©^H««{cien)ii 3*i£tdit,r 
*or> 3©rtjg««#«jfctiB£84&-,fc 
40 «l*seita4«c-orc»s. c©fS#*T-Gcc*-,r 
«. ttftftWftttttrtrsjuMi i 3 «t o fc±^KK 

«fiW6*^fiS3hr*»0. pflUS«8*6aA3hfc 
«ii2B8 (b)«c^fJ:5Jc. »«fi»e«:J:-,rK 
aBtt^iai(cfi:tt3n (c©*^ii«t«BK(Si'). ) . 

Mi. r£tt*3©#8£.«n 0 4«(fij-rs«Wfiei(caA 
3ti5. C©»*. K«5UI6^J:ori6*Sl 0K# 
l£t5*«J: 0 fc?MB©iiA«*BlfiilW l 3 (c iot 
«taB»i«(c««6li. rSttS3«:**i5»sfc»«iiJ 
50 bfc#o-C. 36<c^**^G©l63t«tltt> 
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tCttfiXZ. mMm***)-M&#>ZC£1fiXl! 
4. 

[0 03 4] »:fc**E©«J:5{Cp|ll 

««8iET{c«eiwi 3*awfc»j. mjk*G0*'> 

i£fc«5fc4'tc.f*:/&Xl,fcD < F-'OFfcSAl/ 

eisasjfi stt -5 c 4 {c <t o r aw * c i *r 1 4 
a*. w&t*G<o*')u:mmnmB*r)Tiivmm3 

JC<fc 0 fit* 4 C 4tc«*»5e«jt*JBjS U J: 0 » 
ft< 4 1> 5 

co 0353 sfcHotc^-j-j^ic. »i©jatwc* 
***** a 4 mate L-cie&j&BJc «fc o » y 

14 (GaAsStn*^***"^) 4»fc». 16 

m. i o *mk mtc*^x*m*? »yi4©+tj 
ife*ai o©T5w*si 5*«jsu ^t*-api 5©* 

BiH*>6GaA sS« l©±ffiK:fefc*«iSKS i O, 
ft4*©«IIWl 3£JB)iSU «iMl 3©±*6>U-a5 
1 5©#JiBfcp|ll*1I8*£j«TS44fc(Cpil«* 
8 ♦ 9 y* 7 ©±ffirtJ3<C«j|*S tf* C 4 4 LT 6 
C©S3t3R-f HK:J:44. pffl*«8*>6&A3 
tlfc*«#^&t>¥elW** ? y 1 4««*x,^y 

^sftrt>s©r*^$aft***fci*< c tm 
C 0 0 3 8 ] B 1 0 K^r t©«*l6W©3 htcwtm 

tmvhhmafr 1 tmmmmxibz. mm 

■fltt. n - G a A s 1 ©_kSt n - A 1 G a I n P 
Tf7>K«2, p'-AIGalnPtKBp-G 
aInPSttJ13. P-A IGa I nPi>^» FH 
4. T«©P-AI GaAs*ift£|ftj|5*£A£fi 
L. ttt,>r. nS©3!*««16. JiWDp-AlGa 
A s ttftttlftft 5 »tf p • - G a A s * * v y» 7 %« 
LXm&* ^17 *3fc». ^ 
yi 7©piWt«8*»«fS«l«4|»<+ + »7'a7 

*»£-rs44t>tc. e*r©±ii©«ta: 

tfe*5*-3»4tT*4. pS¥*fl« (rSttJi3*» 
6* ♦ •> -fMl ) «m« Z n * F-yi,ft#6f§Bfi5 
Si*tf*c4{Cj:«)J&iS;**i > F-^>h*Zn3ft>6S 

©a»*wii 6*«fij3nru4. ±M©wtttftii5 

si 8*«*«3n-ci,>r, ***»6y-F*E*Eftorr 

±ffitciipiW«8*«. GaAsSfil©T(Cttnffl* 

[0037] c©a#*f i «c*ortt. y- F*ff 1 
8{cy-F«E*«Enai3#i-c(,>fti>tt«{c*o-c«. a» 

*** 1 8 4 * ©T©«*ffiit* 5 ©lffl#*'< 47Kb 
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Unxmnm 1 e »«iM<ci&i>x8ffiji4 lth 

». «t*l«4^4m«l»tt»4<Co-Cl>4. C©fc 
». P»»*8fr6&A3hfcW5tt. HI 1 (a) (C 
jp-f <fc 5 K *fcfrfc jT a© C 4 < j$f«jf 1 6 tc J: T 

mnmi eimtcnmsnz. c©». £©y- he 
*y-F«* 1 8(cwJirf44 > d\tmft 

*4fco*i§*tt4fr9. tH';**K:y-F*><I# 
#ffl»*ftfc©4|I3«&»#*^U HI 1 (b) Vim 

ffi:»3nA:«air-si{crStt«3CcaA3ns. t©*S 
*. rSffi■3©a4^4'©««^c*J^,>r*fifi6^-»{cij(t 
tiii*. IB*«^I©l6*ja*-f>«^fcffl**ilf«6iC 
6ifiXii. 

[0 0 3 8] 4*C©IWH*fI {C*-,m y-F« 
E*SBlILfcl*SUC LT*J < 4X9SV 1 6 B&J&ftjf 
4LT»<©-C. pM«S8*>6ttA3tlfc«tJia»» 

3h4C4«<aA*iib5ipflB*ft8*6r§tt«3^4 
»n> HI 1 (c) K^T «fc 5 &c p 9I«« 8 iTF©?§tt 
«3«l«i&«»(C©»«i««iSAdti4J:^(c«4. b/t 

j&io-c. y-F««i 8«c^^tt«E%aj)!ioLi:^i/ 

^3t«4 LTipJffl-i"4©36ia* LC». 

[oo39]*fc, i e <mmci> -,x 

ttiF-sa&^l&SlSSS-l**©***-*-. iNM* 
??^17 Slifcatc -f * >itA*ff & ^ C 

4KJ:-,rfeJ:c». Y*>aAf*c4{c-rtif*. 
& F wo F r t o X l&WEfi*IMMCff 4 ^Ci*T 
*«4tO*iJ^*i*5. 36(C«. 9l&i^K»Wi 
ffic>ra»*«iii 84^fi8-r4C4«>-C» > C©«^K 
«. a3&x?*+>F£ffll>St4KJ:oTj2i»Wl 

1 8*x»?-xF»yji4orw^5c4*ir*i© 

r, B*«:±flI©««J£R)15«rl»i-rSC4*-C» 

s. 

[0 04 0] *te. H^il/4t>*«. ItetJR^E-f^ 
*^-Gtt 4*© «t 5 t te!6**^{ca!* 

nmzmgt2it&c±tvxi>j:\.\ c©j§^«>. is* 

S«:Wior*rSttJi3©««. t*{ctp^*««:+»«:* 
ia*&A3#SC4**-C#S©r. J:0»3feS»***«> 

[004 i ] jy±©&3Sfcwait>-c«. ps©*««: 

«> ^ ^ n M<om»mi m^xmjtf-zm&r t c 
4fc-c*s. tft. mmnmepmmnmiQitmmts: 

w*.i«fe&< 5 ©±i«K «T«44r§ 

tt«3 4*tvya7 4©ia{caw-cijtftf. piii 
8 *»6SA3 txfc«t*Kiia*r»Kca;tt-r i c 4#r 
#5. ifc. **ffi«t»5*»W4C4«c«l:0KSCia 
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epmmnmi 6©a&**j:9iS&*c4#r#a# > 

«MMW5«rl»f4.iW«ee>rt *fc. 1611 
HI 34T*37 F«2&4'Katt4&4'«fti*$l|jS 
fcrSffll 3 «fc ») tT*«cMW * C 4 4 Lr J:l>. 
[0042] c®J:^6c*^«:*-3rB, *«,»«5fe3» 

iiot, c©<fc^&f&:^F**WJ-*c4icj:o. * 
[0043131 2 (**269!©¥aK*!63fc** 2 1 

co*itKffiii-b>-9-j« t *f69i©fft*afrF2 

3yy-hU>X2 2*6a:*a)ta5<t. 3#U>X2 
3Rcm»*lH**2 4*6ft45Bta54*>P>*fiS3tl 

[0 044] *fc. H12«a»ffi«-b>-9-J«:J:o-C 
>-hU>X2 2-CJFtf*{b3tlft:a t »ft»2 5±K 

^2 4±Kte«sii4. cn6©te«ttta«. ffiMftta 

Jfr?-2 4©M#*2 6. 2 7r»fc«#tk4<)o-Ctta 
[0045] *^©¥*fc&#*f 2 1 tt. KH^T 

*o»/M63Ka©t>©-c*i. jn?©i&*y-f*-h-r 

fcto%*©:*©lteWffiflW*3 5 0 ymftgaiiwr. 
Sffili©*W^i«flltt©lftffl»* U>#. C ©J: 5 
••b>^JK*|6W«cJ:5^NM*l6**^2 14fl!t>h 

*- K*«l»m* SKJiriW»BE©*ai*JoJttK<J4 
*». U— !f-*»*ffll>5/ctf)«:-e©$^ffl-C|BIH*J* 
5. ctiKttl. *»W©*IW*IBfc3R : F2 1©J:5& 

#l*tefc»i>$£&***»*c:4air# 

[ 0 0 4 8 ] a 1 3 (£$%9!<CJ: 3 1 

4ffll>fc><-3-Fij-*K*^T*«SHr*4. C© 
,<_ 3 _ K 9-*K«. ¥»!K*l6:fc**3 1 . &XMI 
3tU>X3 2. BC»BMI3 3. BIE£IM3 3 
*lSj«c-^«fltreiS3*4X+i.±*-5r3 4. 53 
i£au>X3 5. S*i«R3eu>X3 6. **S?3 7 

[0 04 7] LfrLT. 3 1 

n/t*t u>x32*ao. ®&$mm 3 3 
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?5*teft*4 4fcMc¥;£i6Kc;<*+>3ti, 

$U>X3 5-CHfaffc3*l/ta. /<-3- K3 8.br* 

/<-3-H3 8±*jt3l3ni. 
a- K3 8 *»&©£»#». *t«aiifeU>X3 8K<k 
9****3 7±Ka*3tl-C**l«*l. /1-a-Ffi 

[0 04 8] C©j:9tt'<-3-F»;-*KKa»tvc. 
m«fflf83fcS©«E*©LED (!6*S4 0 0am) * 
JBl». MAEftf = 1 5mm©*jtU>X-C2 5 0mm 
10 ft®/*- 3 -F±Ka&b *©«3ttt©» 
<*©fcA t 't-3-F±r©K-A®*»B. 7mm« 
±(c**<&9 t rf-a-F (-jttffjtc. ft/NR«|2 
0. 2mm) tt§JfiSK*C4*i-C*&l,>. 
[ 0 0 4 9 ] C titctf U *»W«C «fc 4¥*M*3fc5fc*^ 
3 1tffll>«y<-3- K';-yK{c*ortt. *©fbfe 

s* i o amattKawNiKta^brtio-c. 

- PCtMbNNUTF (0.2 mmS9) *?84C 4#"C 
». ><-3-F*8*K*C4:&sr#S. 
20 [00 5 0] B14(CmTfe©tt3fcfS£i«-C*->T. 
JUtttlCtt. *ISBK«fcS^fcfBfc*F4 l**aR<fc 

F*7*Ltt**K*»iaHP4 1 4*i**3#**4 2 

*i-tn-e*iy-F7u-A4 4 v 4 5{cy-Y«K>f^> 

•y<*<YC*>0. S6fcSi|& , J-F:7U-A4 3 > 46K 

f#ffi4 7rt«:*f±<**vc(,>s. awx#+i/»f 

«4 7©*lI{CW^Fa«ttW!til4 8**»«3*lTt,» 
4. -*(C3 + F*^7tt«ife3R^iS3fe3R^4*«*fa 
30 Lfc)Btt©*>©*i2H,>#. C©¥ffiEBS7* h*r*9 

lh3mh*m 1 4***^ 4 2 im-¥m±tcsaa 

[005 1 ] C©J:5&¥ffiE»S7* h*^7L©» 

fflHr**. c©«t5ft^tt©7* h*^7L«c*n,»r 
«. 6£*©*«»«**^-*ffll»*J:0<>*IBifiCcff4 
I63t*^ 4 1 *fflC>/fc**J*a*©H36*Jfll6*i*© 

40 *i/»BI4 7 tflPfttttfCOgU »*«^4 1 . 336 
*T4 2 *IIP)K©Si».^«C** J: ^ {CE«-T4 4 . J» 
*<t<*»^';>y-c*S*i. c©H*«W«:j:4l63t 
IS^ 4 1 **fc»*itf. #fctS*«/h3l>©-C. «t»)i»l>IS 
^J»**»4C4*J-C#S. 

[0052] H 1 5 «C^*jat©-«4 l/TrtSbtaMK 
ot»r»W^4. C©8b£gMtt. *a«©*««:|6* 
*^5 l*-^F©>;-K7U-A5 2©±«:y^^>7 J 
* > 4 4«(Ctt*© (/ - K7 U- A 5 3 ICV A +tf 

> 7 s ^ > y l ttwmvmx** ismmmvnvm 5 

50 4r^£«tt{cfiEaSL-ctt±t. ±»tbxn^o 
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¥«l*U>X5 5#H«&di;*ft£4&{C. 
KB7U*;l/£¥*ttU>X5 5 4HC*3. *5l>B 
7 U*;US¥«ttU>X5 5 J:9 «>***l,>T=f»5 8 

[0053] C©*t)fcSM©»£. 5 1 

B. Kl>l63«»*-C. L*>fc»/Kj:!t#flllia*W-J-4*> 

E*tcfe(,>-cfc*§fcft*. 7U*WSKb 
>X5 5*3»^BJlf = 4. 5mm. U>Xfig3. 5 
mmiU ¥*{*f&#*^5 1 <D%£S*Ba2 0 « m 
fc L 1t 4 * . 1 m©ffi«{cfcW 5 tf- Ag ttfig 4mm 

8&9<<*-* (Tftft*.. Ha*jB8Wi3 5 0 

timftga©*,©) "CB. fiS7 Ommga*T?JE*io 

tl* 5©r. *f6BK<fc*¥*#ifc>iaiJ?-5 1 *m> 

-CfSbfcgMfcflW 4 C 4 «C J: 0 * * tt* 9 * b ifi& 6 
ft*. 

caw©®*] *aw{c«t*» i mm»mai*ict> 

oTB. t£1»&aB*fl4©m©¥illttftrt©ft&ffi 
»*SW4c4«cJ:») t *J**J»<-f*£4&<|jnii» 
;^K+#KaA«ft*ffitti*tf. ««■©£«««:* 
si>«i*iiA-r*c4*«-c**. Lfc*»or. t&g* 

[0 0 54] c©4*. £ffi««4r§14*4©iij©*ii 

ft. s$K.mj9»in#>zctifiv9z. 
[0055] $ mt&m zmn&vwM&Ata 

8BT©4>fc < 4 1 < tt-glCBtf 6C 4K-T 
fttf. KiBra&^&Adftfcffifttfgo-rtccrSttJI 
(cjtftSOillihU «Jt*4»jCT4fSttJlffl«^S 
i**aA3#*C4A»r*4. LtciJi^X, <fc0-«l6 
3t*^F©l6ilBa**JF«)*C4*i-C*4. #CC. 

»4C4#r«5. 

[0058] *SW©H2 ©«**^ TB. r§tt 
■ 4^iB*fli4©(ai©*«<*«rt{C«fi£3txfcifiii«a 

»*|fii{ca:tt3ft. fl»*WLbffitcWil3ft*. c©4 
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S!oB^4gfc»L «^lSHCt£»Sftfctj?«-c»8l3ft 
fc*1fB-3Ucr£ttJi(ciiASftS. CfcaioT. »(,» 

4C4A1-C*. m«tt*att^c44<flfi»#Kt^a 
cma^j©iKt*^*««-r4 c 4#-c* 4. 
[0057] «aa*5e«fi©i6piaR^4-r4c4 

tefcoT. 3^«tctfj^*rSte»<DB«{cJtiifc*aA 
f4C4*ir*S©-C > 36K2S#atl**»«>*C4ai 

[0058] 36CC£«4r§ttJf 4©|fl|Cc£J|£JttR£ 
»tt*4. rgtt»*>6»«liKtUi*3ftfc3t*^)iJg« 
BrS«3tt4c4{cJ:0*ffi»»«*6^^Ntia*3 

4#r*i. 

1 0 0 5 9 ] eft*©******* 

(CW>SC4{CJ:D. *a)J?8Hb3ttSC4*»-C*a. 

[ias©n^»^] 

[a 1 ] xmiD-immv&zmmim**** 

[82 ] ( a ) BH±©*a«*:«*3RT{CfcW4aEA« 
*©«*8B*^-fStim (b) B^W©*i§fl;f| 
3faRT{cteW4ftA«i*©«fcgl8*SVrsiiiWiar* 

*. 

[H3] *mivmmkwx:*>z¥mKmm*i7ji 

[ B 4 ] ( a ) B*26iJ3© 3 h (cgflfc JtttM V * *3£i§ 
(*IMHR^*^-rKBaBfiH. (b) BS»|8#**«: 
tetf iaA«t©fltiftffl8*^-J-»WBr * 

[B5] *«W©3 6fCJ3II<t||ififf('C*-5*#»|&MyR 
^•*in-r»rB1taB-C*4. 

[He] (a) tt*fm<DZh<<cmtt-mmx-3!>z>*m 

ft*^f**TBffi«fiB. ( b ) B3ft#fcfcjfrBc 
fcw *^«*©*auss*^-rs»i?ijBr * s. 

[B 7 ] *«W©3 6Ccm^0»T-**¥i*fclftft3R 

^tisriMWraBr**. 

[B8] (a) l£*MC361C»limWt , *ifl 
^**T-*^-rKffi<f«B. ( b ) «3i*|&jfcjR*tc 
*JW 4aASS6©*8feffiS*iSr S&95B-C* 4. 

[B9] *a^©36(cs(i«ciiiir«r*4*»»ajfc* 
[Bio] *&■«©? e.fc»d<cnftff(-c*4*«»a36 

CBll] (a) (b) (c) B. H±©a5t*^fc*j 
^4»ff»WB-C*4. 

[Bl 2 ] *aiJi«:J:aiNI»IBjt*^*ffli,»«:JBBt 
>tf©*fiS*^-r«BBr * 4. 
[B 1 3 ] 4*JUcJ:iiN«*lfe**^4ffll>fc^-3 

-Ky-**jS-ra«B-c*-5. 

[B 1 4 ] *l6W«:j:Si»i#*|fe)t*^*ffl(,»fc3piiE 
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cb 1 5 ] *&m*zzmi*%*x*im>ttwta 

[bi i6] mm-c*>&tmmi&&-<Dmwmm-c 
a*. 

mm*®] 



GaAsS« 



16 



*8 pflUlti 

10 ft£S 

12 zmmwrn 

16 

is y-h** 

2 1. 3 1. 4 1. 5 1 *#ft|6jfcj*? 

2 2 3'J-rf-H/>vC 

3 3 B«£9* 

4 2 

lfl 5 5 ^U^SWRttUVX 
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CLAIMS ^ 
[Claim(s)] 

[Claim 1] In the semi-conductor light emitting device of the surface outgoing radiation mold 
with which the barrier layer was formed above the substrate, two or more semi-conductor 
layers were laminated, the surface electrode was selectively formed on the semi-conductor 
layer concerned, and the rear electrode was formed under the substrate on the barrier layer 
The semi-conductor light emitting device characterized by preparing a high resistance layer 
in said semi-conductor layer between a . barrier layer and a surface electrode. 
[Claim 2] Said high resistance layer is a semi-conductor light emitting device according to 
claim 1 characterized by being formed so that the partial field of the current route between 
said surface electrode and said barrier layer may be crossed. 
[Claim 3] Said high resistance layer is a semi-conductor light emitting device [ directly 
under ] of the current injection region of said surface electrode according to claim 1 or 2 
characterized by the whole or being prepared in part at least. 

[Claim 4] In the semi-conductor light emitting device of the surface outgoing radiation mold 
with which the barrier layer was formed above the substrate, two or more semi-conductor 
layers were laminated, the surface electrode was selectively formed on the semi-conductor 
layer concerned, and the rear electrode was formed under the substrate on the barrier layer 
The semi-conductor light emitting device characterized by having formed a semi-conductor 
layer and the reverse conductive layer of a reverse conductivity type concerned in said 
semi-conductor layer, and making voltage impressing possible independently at a reverse 
conductive layer. 

[Claim 5] The semi-conductor light emitting device according to claim 1, 2, 3, or 4 which has 
the current stricture structure which restricts the field through which the inrush current 
poured into said barrier layer flows. 

[Claim 6] The semi-conductor light emitting device according to claim 1, 2, 3, 4, or 5 
characterized by preparing a multilayer reflecting film between said substrate and sard 
barrier layer. 

[Claim 7] Luminescence equipment which consists of a semi-conductor light emitting device 
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according to claim 1 , 2, 3, 4, 5. or 6 and a lens which changes the emitted light of the semi- 
conductor light emitting device concerned into an abbreviation parallel beam. 
[Claim 8J Luminescence equipment which consists of a semi-conductor light emitting device 
according to claim 1 , 2, 3, 4, 5, or 6 and a lens on which the emitted light of the semi- 
conductor light emitting device concerned is converged. 

[Claim 9J Optical detection equipment equipped with luminescence equipment according to 
claim 7 or 8 and a light-receiving means. 

[Claim 10] Optical-information-processing equipment equipped with luminescence 
equipment according to claim 7 or 8, a scanning means to scan the emitted light of the 
luminescence equipment concerned, and the light-receiving means. 
[Claim 11] Optical coupling equipment equipped with luminescence equipment according to 
claim 7 or 8. a reflective means to reflect the emitted light of the luminescence equipment 
concerned, and the light-receiving means. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the luminescence equipment, the optical 
detection equipment, optical-information-processing equipment, and optical coupling 
equipment using a semi-conductor light emitting device and the semi-conductor light 
emitting device concerned. Specifically, it is related with the luminescence equipment, the 
optical detection equipment the optical information processor, and optical coupling 
equipment using an important well head, high-output surface outgoing radiation mold semi- 
conductor light emitting devices, and those semi-conductor light emitting devices in fields, 
such as optical communication or optical information processing. 
[0002] 

[Description of the Prior Art] There are some which were indicated by JP.H3-171679.A as 
one of the semi-conductor light emitting devices which aimed at the improvement in 
luminous efficiency, and the high increase in power of the optical output The section 
structure of this light emitting device N is shown in drawing 16 . As for the light emitting 
device N, the sequential laminating of the n-lnGaAJP lower clad layer 62, the InGaAiP 
barrier layer 63, the p-lnGaAiP top cladding layer 64, the p-GaAlAs current diffusion layer 
65, and the p-GaAs cap layer 66 is carried out on n-GaAs substrate 61. The n lateral 
electrode 68 which consists of Au-germanium is formed in the underside of the p lateral 
electrode 67 which consists of Au-Zn on this cap layer 66, and n-GaAs substrate 61 . 
[0003] In this light emitting device N, as the broken line of drawing 16 shows, in the current 
diffusion layer 65. it is spread in a cross-sectional longitudinal direction, and the current rate 
of flowing directly under p lateral electrode 67 decreases, and the current poured into the 
barrier layer 63 corresponding to the adjacent spaces of the p lateral electrode 67 
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. increases the current poured in from the p lateral electrode 67. As a result, while the light 
quantity interrupted by p lateral electrode field among the light which emitted light by the 
barrier layer 63 decreases, the light quantity from the adjacent spaces of the p lateral 
electrode 67 increases, and the luminous efficiency of the light emitting device N improves. 
[0004] In here, in order to make a longitudinal direction fully diffuse the current poured in in 
the current diffusion layer 65, it is necessary to enlarge thickness of the current diffusion 
layer 65 enough. However, if thickness of the current diffusion layer 65 is enlarged, 
resistance of the current diffusion layer 65 will become large, and an inrush current will 
decrease. For this reason, if it is in the light emitting device N. the current diffusion layer 65 
is constituted using an ingredient with low resistivity. 
[0005] 

[Problem to be solved by the invention] However, since it was necessary to form the . 
comparatively thick current diffusion layer 65 even if it uses an ingredient with low 
resistivity, there was a trouble of being hard to grow up the current diffusion layer 65 
excellent in crystallinity. Moreover, the stress by the difference in the coefficient of thermal 
expansion of the current diffusion layer 65, the top cladding layer 64, etc. is large, and there 
was a problem also in the dependability of the light emitting device N. Furthermore, there 
was a trouble that a manufacturing cost became high, with the increase in the growth time 
of the current diffusion layer 65. 

[0006] The place which this invention is made in view of the fault of above-stated 
conventional parallel, and is made into the object aims at solving the above-mentioned 
trouble by making a longitudinal direction diffuse an inrush current, without using the 
current diffusion layer of thick thickness. 
[0007] 

[Means for solving problem] As for the 1st semi-conductor light emitting device of this 
invention, a barrier layer is formed above a substrate. In the semi-conductor light emitting 
device of the surface outgoing radiation mold with which two or more semi-conductor layers 
were laminated, the surface electrode was selectively formed on the semi-conductor layer 
concerned, and the rear electrode was formed under the substrate on the barrier layer, it is 
characterized by preparing a high resistance layer in said semi-conductor layer between a 
barrier layer and a surface electrode. 

[0008] At this time, it is good also as forming said high resistance layer so that the partial 
field of the current route between a surface electrode and a barrier layer may be crossed. 
Moreover, even if small directly under the current injection region of said surface electrode, 
it is good also as the whole or preparing in part 

[0009] As for the 2nd semi-conductor light emitting device of this invention, a barrier layer is 
formed above a substrate. In the semi-conductor light emitting device of the surface 
outgoing radiation mold with which two or more semi-conductor layers were laminated, the 
surface electrode was selectively formed on the semi-conductor layer concerned, and the 
rear electrode was formed under the substrate on the barrier layer A semi-conductor layer 
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and the reverse conductive layer of a reverse conductivity type concerned are formed in 
said semi-conductor layer, and it is characterized by making voltage impressing possible 
independently at a reverse conductive layer. 

[0010] If it is in the above-mentioned semi-conductor light emitting device, you may 
establish the current stricture structure which restricts the field through which the inrush 
current poured into said barrier layer flows. Moreover, it is desirable to prepare a multilayer 
reflecting film between said substrate and said barrier layer. 

[001 1] The 1st luminescence equipment of this invention consists of lenses which change 
the emitted light of the semi-conductor light emitting device of this invention, and the semi- 
conductor light emitting device concerned into an abbreviation parallel beam, and the 
luminescence equipment of this invention consists of lenses on which the emitted light of 
the semi-conductor light emitting device of this invention and the semi-conductor light 
emitting device concerned is converged. 

[0012] Moreover, the optical-information-processing equipment of this invention is equipped 
with the scanning means and the light-receiving means of scanning the emitted light of the 
luminescence equipment Of this invention, and the luminescence equipment concerned. 
[001 3] Furthermore, the optical coupling equipment of this invention is equipped with the 
reflective means and the light-receiving means of reflecting the emitted light of the 
luminescence equipment of this invention, and the luminescence equipment concerned. 
[0014] 

[Function] Since the 1st semi-conductor light emitting device by this invention has prepared 
the high resistance layer in the semi-conductor layer between a barrier layer and a surface 
electrode, the current poured in from the surface electrode is diffused in the cross-sectional 
longitudinal direction of a semi-conductor layer by existence of aJii gh xasistance layer. As a 
result the inrush current which passedibe wgh resistance layer can makejhe fight of a 
barrier layer which was mostly pouradin oyer the whole surface andjamit ted light by the 
barrier layer emit efficiently from the top-face light-emitting window of the surface electrode 
circumference. Since this high resistance layer has high resistance, a longitudinal direction 
can be made to fully diffuse it in comparatively thin thickness. Therefore, a semi-conductor 
layer can be formed, without spoiling the dependability of a light emitting device. Moreover, 
since it is thin, the electric resistance between a surface electrode and a rear electrode is 
also smail, and it ends, and a big current is poured in, and the thickness of a high 
resistance layer can make the output of a light emitting device high. 
[0015] Since the poured-in current will flow through the field where a high resistance layer 
does not exist if a high resistance layer is prepared at this time so that the partial field of the 
current route between a surface electrode and a barrier layer may be crossed, the electric 
resistance between a surface electrode and a rear electrode can be made smaller. For this 
reason, a bigger current is poured in and luminous efficiency can be raised further. 
[0016] Furthermore, it can prevent that the current directly under a current injection region 
of a surface electrode poured in from the surface electrode when deciding the whole or to 
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prepare in part at least flows through a high resistance layer into a barrier layer straightly, 
and a current can be made to pour in to a light-emitting window and a corresponding active 
layer region. Therefore, the luminous efficiency of a light emitting device can be raised 
further. Since a current can be made to pour even into the core of a luminous layer and a 
corresponding active layer region if it is in the light emitting device which has current 
stricture structure especially, what is called ring luminescence can be canceled and a 
uniform luminous region can be obtained. 

[0017] If the reverse conductive layer of the reverse conductivity type formed in the semi- 
conductor layer between a barrier layer and a surface electrode if it was in the 2nd semi- 
conductor light emitting device of this invention is in the state where voltage is not 
impressed, it works as a high resistance layer, and the charge poured in from the surface 
electrode is diffused in a cross-sectional longitudinal direction, and is accumulated in a 
reverse conductive layer top face. At this time, if voltage is impressed to a reverse 
conductive layer, a reverse conductive layer will change to a lower resistance layer, and the 
charge accumulated in the state where it was spread in the longitudinal direction is poured 
in at a stretch at a barrier layer. Therefore, even if it is in the 2nd light emitting device, a 
longitudinal direction can be made to be able to carry out current diffusion enough by a thin 
reverse conductive layer, and it can be considered as reliable high luminous efficiency and 
high-output light emitting device. 

[001 8] Moreover, since a current can be poured into the field of the barrier layer 
corresponding to a light-emitting window by considering it as the light emitting device of 
current stricture structure, luminous efficiency can be raised further. 
[001 9] Since you can make it emitted to the exterior from the surface electrode side by 
reflecting the light emitted to the substrate side from the barrier layer with a multilayer 
reflecting film if a multilayer reflecting film is furthermore prepared between a substrate and 
a barrier layer, luminous efficiency can be raised further. 

[0020] Moreover, it can be made to high-resolution-ize by using these semi-conductor light 
emitting devices for luminescence equipment, optical detection equipment, optical- 
information-processing equipment, or optical coupling equipment. 
[0021] 

[Working example] What is shown in drawing 1 is section structure drawing showing the 
light emitting device A which is one example of this invention. A n-AIGalnP lower clad layer 
and 3 2 A p-GalnP (or p-AIGalnP) barrier layer, A p-AIGalnP top cladding layer and 5 4 A 
p-AIGaAs current diffusion layer, 6 is a high resistance layer and the light emitting device A 
carries out crystal growth of the lower clad layer 2, a barrier layer 3, the top cladding layer 
4, and the lower current diffusion layer 5 on GaAs substrate 1 . Then, after carrying out 
crystal growth of the high resistance layer 6 and the upper current diffusion layer 5, 
respectively, the p+-GaAs cap layer 7 is further formed on it. Zn is used for these p type 
semiconductor layers (from the barrier layer 3 to the cap layer 7) as a dopant, and by 
changing a dopant into Mg temporarily so that the resistivity may become high, crystal 
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growth is carried out, and the high resistance layer 6 forms the high resistance layer 6 of 
thin thickness, and is. In addition, this high resistance layer 6 is not an insulating layer 
which is like [ into which a current does not flow by the usual driver voltage rather than the 
current diffusion layer 5 although it is high resistance ]. Subsequently, the p lateral 
electrode 8 is formed on the cap layer 7, and the n lateral electrode 9 is formed in the 
underside of GaAs substrate 1 . 

[0022] How to flow through the inrush current searched for by calculation in this light 
emitting device A is shown in drawing 2 (a). The current poured in from the p lateral 
electrode 8 as it was hard to flow through a current and resistivity had become high if it is in 
the high resistance layer 6, and shown in drawing 2 R> 2 (a) (broken line in drawing.) the 
following - being the same - in the upper current diffusion layer 5, it is fully spread to a 
cross-sectional longitudinal direction by existence of the high resistance layer 6. the 
diffused inrush current - a barrier layer 3 - being mostly poured into the whole region - a 
barrier layer 3 - light emits light from all the fields mostly. Therefore, the light which emitted 
light can be efficiently taken out from the surface' area 10, i.e., a light-emitting window, in 
which the p lateral electrode 8 is not formed. If it is in the conventional light emitting device 
N which, on the other hand, does not have the high resistance layer in which the current 
diffusion layer 65 was formed, as shown in drawing 2 (b), when it is made the thickness of 
the same current diffusion layer 65 as the light emitting device A of this invention, it turns 
out that the inrush current is not fully spread in a longitudinal direction. Thus, by forming the 
high resistance layer 6 in the current diffusion layer 5, a cross-sectional longitudinal 
direction is made to fully diffuse an inrush current, and luminous efficiency can be raised. 
Moreover, since the current poured in without thickening thickness of the high resistance 
layer 6 can be diffused, the electric resistance between the p lateral electrode 8 and the n 
lateral electrode 9 does not become large, but since an inrush current can be enlarged, the 
optical output of the light emitting device A can also be enlarged more. Furthermore, since 
the crystal structure can make high resistance layer 6 grade form in the comparatively good 
state, the dependability of the light emitting device A is not spoiled, either. 
[0023] [ if ft was in the above-mentioned light emitting device A formed the high resistance 
layer 6 by changing a dopant, but ] A dopant of a different kind is added, without changing a 
dopant, for example, by adding Mg to Zn dopant, you may decide to form the high 
resistance layer 6, and the high resistance layer 6 can also be formed by reducing doping 
concentration. Thus, the light emitting device A can be produced, without being able to form 
the high resistance layer 6 easily and raising a manufacturing cost by changing the class of 
dopant at the time of crystal growth, or adjusting concentration. Since an inrush current can 
be diffused in the thin high resistance layer 6 if especially a dopant will be changed, it is 
convenient at the point which can make the light emitting device A thin. Moreover, by 
carrying out the ion implantation of the impurity ion to the current diffusion layer 5 by which 
crystal growth was carried out besides this, the high resistance layer 6 may be formed and 
it is still better also as forming the high resistance layer 6 using other different 
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semiconductor materials. According to the former method, it is desirable at the point which 
can form the high resistance layer 6 in the field for which it asks by changing the pouring 
conditions of ion easily, and according to the latter method, it is desirable at the point which 
can form the still thinner high resistance layer 6. Moreover, the still thinner high resistance 
layer 6 can also be formed by using multiplex quantum obstruction structure which is 
described below. 

[0024] Drawing 3 is section structure drawing of the light emitting device B which is another 
example of this invention, and uses multiplex quantum obstruction structure for the high 
resistance layer 6. the well which multiplex quantum obstruction structure calls what raised 
the potential barrier virtually in the break point of the potential barrier using the property of 
an electron wave reflected quantum-mechanically and from which potential differs - a layer 
and a barrier layer are laminated by turns and constituted, this time - a well - although the 
echo of an electron wave occurs in potential break points, such as a boundary line of a 
layer and a barrier layer Whenever one reflective spot moves [ the phase of the electron 
wave reflected with each reflective spot ], respectively, when pi is shifted every n times 
(integer of n= 1, 2, 3, -**), the electron wave which entered resonates and is reflected 
strongly, namely, a well - the energy of the electron wave which sets layer thickness to d1, 
sets barrier layer thickness to d2, and enters - E, then 1(2m1*x (E-delta Ec)) /2x (d1/h) 
* (2m2*x (E-delta Ec)) 1/2x (d2/h) 

= one fourth of relations are filled - as - a well - if the ingredient and thickness of a layer 
and a barrier layer are designed, multiplex quantum obstruction structure can be formed, in 
addition, here - ml* and m2* - respectively - a well - the effective mass of the electron in 
a layer and a barrier layer and deltaEc are obstruction potentials, and h is a Planck's 
constant. Moreover, it can say that the same may be said of the hole of not only the 
electron of a conduction band but a valence band. 

[0025] If it is in the light emitting device B when it explains concretely, the AlxGa1-xlnP (x= 
0.7) layer 6a which is not doped and ten layers of AlxGa1-xlnP (x= 0.2) layers 6b which are 
not doped are laminated ate time by turns, and multiplex quantum obstruction structure 
Nothing, The high resistance layer 6 is formed. Two kinds of this semi-conductor layer 6a 
and 6b lap a pentatomic layer (mono layer) every, and constitute one unit semi-conductor 
layer, ten pairs of this unit semi-conductor layer are laminated repeatedly, and the high 
resistance layer 6 is constituted. The current poured in from the p lateral electrode 8 by the 
high resistance layer 6 which consists of this multiplex quantum obstruction structure can 
raise the luminous efficiency of the light emitting device B, as a result of being enough 
spread in a cross-sectional longitudinal direction. 

[0026] If it is in the high resistance layer 6 using multiplex quantum obstruction structure it 
mentioned above - as - a suitable semiconductor material and a well - by choosing a 
layer, barrier layer thickness, and a period Since what is necessary is to be able to form 
easily the high resistance layer 6 of the conditions for which it asks, to repeat the semi- 
conductor layer 6a of a number atomic layer, and about ten pairs 6b like especially this 
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example, and just to laminate, it is advantageous at the point which can form the very thin 
high resistance layer 6. 

[0027] What is shown in drawing 4 (a) is section structure drawing showing the light 
emitting device C which is another example of this invention, and as the high resistance 
layer 6 crosses the partial field of the current route poured in from the p lateral electrode 8, 
it is prepared in the current diffusion layer 5. This high resistance layer 6 is formed by 
carrying out the ion implantation of the hydrogen ion to the shape of a layer to a 
predetermined field, after forming the semiconductor chip 1 1 (from GaAs substrate 1 to the 
cap layer 7). As this light emitting device C is shown in drawing 4 (b), while diffusing the 
current poured in from the p lateral electrode 8 in a cross-sectional longitudinal direction by 
the high resistance layer 6, a current is poured into a barrier layer 3 through the current 
diffusion layer 5 in which the high resistance layer 6 is not formed in part. Since the current 
poured in when making it such structure passes along the field in which the high resistance 
layer 6 is not formed, as a result of the electric resistance between the p lateral electrode 8 
and the n lateral electrode 9 decreasing and the inrush current to a barrier layer 3 
increasing, luminous efficiency can be raised further. Moreover, many inrush currents can 
flow into high resistance layer 6 both sides by forming the high resistance layer 6 in a field 
in part in this way, and light quantity from a light-emitting window 10 can be enlarged. 
Furthermore, compared with the case where an insulating layer is prepared, it is convenient 
also at the point that the electric resistance between the p lateral electrode 8 and the n 
lateral electrode 9 becomes small. 

[0028] If such ion-implantation is used, the high resistance layer 6 can be formed in the field 
for which it asks simply by changing mask shape. For this reason, if it is made the thing 
directly under a current injection region of the plateral electrode 8 for which all are 
prepared in a field (you may be some fields) as it is also easily possible not to form the high 
resistance layer 6 in the field distant from the p lateral electrode 8 and being illustrated 
Since it can prevent that the current poured in from the p lateral electrode 8 flows into the 
straight barrier layer 3 and a current can be poured into barrier layer 3 field corresponding 
to a light-emitting window 10, it is especially convenient 

[0029] Furthermore, the high resistance layer 6 of arbitration can be easily formed by 
changing suitably the class of pouring ion, infused energy reinforcement and a dose, and 
the annealing conditions after pouring. 

[0030] What is shown in drawing 5 is section structure drawing showing the light emitting 
device D which is still more nearly another example of this invention. If it is in the light 
emitting device O, the multilayer reflecting film layer 12 is formed between n-GaAs 
substrate 1 and the lower clad layer 2. The multilayer reflecting film layer 12 has structure 
which laminated by turns two semi-conductor layers 12a from which a refractive index 
differs, for example, a n-AIAs layer, and n-AIGaAs lay* 12b. When the center wavelength 
(inside of a vacuum) of the light which emitted light in the refractive index of the AlAs layer 
12a, and emitted light by n2 and a barrier layer 3 in the refractive index of n1 and AIGaAs 
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layer 12b here is set to lambda, two semi-conductor layers 12a, the thickness d1 of 12b, 

and d2 are d1. * Iambda/4n1 .... **d2 = Iambda/4n2 .... It is formed so that it may become 
** 

[0031] It is reflected in a light-emitting window 10 by this multilayer reflecting film layer 12, 
and the light emitted in the GaAs substrate 1 direction from the barrier layer 3 can raise 
luminous efficiency further by it Moreover, different wavelength lambda 1 little by little, 
lambda 2, -, lambdai are received. d11=lambda1/4n1, d12=lambda1 / 4n2 (1st multilayer 
reflecting film layer) 

d21 =lambda2/4n1, d22=lambda2 / 4n2 (2nd multilayer reflecting film layer) 

di1=lambdai/4n1 . di2=lambdai / 4n2 (i-th multilayer reflecting film layer) 

A broadcloth light which has the wavelength from lambda 1 to lambdai by laminating the 
multilayer reflecting film layer 12 of i layer of every a number pair can be reflected so that it 
may become, and the light of the broad wavelength which emitted light by the barrier layer 
3 can be everywhere taken out from a light-emitting window 1 0. Moreover, oblique- 
incidence light can also be reflected efficiently. 

[0032] Drawing 6 (a) is section structure drawing showing the light emitting device E which 
is still more nearly another example of this invention. It is having current stricture structure, 
and the light emitting device E etches the cap layer 7 and insulating layer 13 which were 
formed on the current diffusion layer 5, and opening of the light-emitting window 1 0 is 
carried out, and it has contacted the p lateral electrode 8 prepared all over the top face of 
an insulating layer 13 to the cap layer 7 in the inner circumference region of an opening 
region. A current is poured into the field of the barrier layer 3 corresponding to a light- 
emitting window 10, as a result of being spread in a cross-sectional longitudinal direction in 
the high resistance layer 6 as the current poured In from the p lateral electrode 8 is shown 
in drawing 6 (b) if it is in this light emitting device E. Although the current was hard to be 
poured into the field of the barrier layer 3 corresponding to a fight-emitting window 1 0, 
especially the central region and what is called ring luminescence was conventionally 
produced in the light emitting device which has current stricture structure Thus, 
effectiveness is large by forming the high resistance layer 6 at especially the point that an 
inrush current can be diffused to the central region of the barrier layer 3 corresponding to a 
light-emitting window 10, and a uniform luminous region can be obtained. Moreover, it is 
good also as forming the high resistance layer 6 in the field directly under a current injection 
region of a p type electrode like the light emitting device F shown in drawing 7 , as the 
current route from the p lateral electrode 8 is barred. If it is in the light emitting device F of 
such structure, many currents can be poured in by the field corresponding to the light- 
emitting window 1 0 of a barrier layer 3. 

[0033] Moreover, what is shown in drawing 8 (a) etches the cap layer 7 and the p lateral 
electrode 8 which are section structure drawing of the light emitting device G which is still 
more nearly another example of this invention, and were formed on the current diffusion 
layer 5, and has carried out opening of the light-emitting window 1 0. Moreover, the 
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insulating layer 13 is formed in the periphery field of a light-emitting window 10 and a 
corresponding field rather than the high resistance layer 6 at the downward current diffusion 
layer 5, and the inner circumference field of the insulating layer 13 has current stricture 
structure used as a current route field. If it is in this light emitting device G, as the high 
resistance layer 6 is formed up rather than the insulating layer 13 which constitutes current 
stricture structure and the current poured in from the p lateral electrode 8 is shown in 
drawing 8 (b) it is spread in a cross-sectional longitudinal direction by the high resistance 
layer 6 (in this case, a current route other side.), and the diffused current flows into the 
current route field surrounded by the insulating layer 13, and is poured in near the light- 
emitting window 10 of a barrier layer 3, and the field which counters. As a result, by the 
high resistance layer 6, the inrush current outside the field corresponding to a light-emitting 
window 10 is brought together in a current route field by the insulating layer 13, and its 
amount of currents which flows into a barrier layer 3 increases. Therefore, the light quantity 
of the light emitting device 6 can be increased further, and luminous efficiency can be 
raised further. 

[0034] Current stricture structure can be formed by forming an insulating layer 1 3 directly 
under p lateral electrode 8 like the light emitting device E, or forming an insulating layer 13 
in the current diffusion layer 5 like the light emitting device G. Although an insulating layer 
1 3 can be formed by carrying out crystal growth, carrying out the ion implantation of the 
hydrogen ion to the current diffusion layer 5 etc., or pouring in a dopant There is an 
advantage that the direction which formed current stricture structure in the near place by 
the barrier layer 3 in the lower part from the high resistance layer 6 like the light emitting 
device G commits the strangulation effectiveness greatly more. 

[0035] Moreover, as shown in drawing 9 , after obtaining the semiconductor chip 14 (from 
GaAs substrate 1 to the cap layer 7) with crystal growth like the light emitting device A 
which is the 1st example, Etch the field from the cap layer 7 of the semiconductor chip 14 to 
the lower clad layer 2 in the field except a light-emitting window 10, and the mesa section 
15 is formed under a light-emitting window 10. While forming the insulating layers 13, such 
as Si02, in the field covering the top face of GaAs substrate 1 from the peripheral face of 
the mesa section 15 and forming the p lateral electrode 8 in the peripheral face of the mesa 
section 15 from on an insulating layer 13, it is good also as contacting the p lateral 
electrode 8 on the top-face periphery of the cap layer 7. According to this light emitting 
device H, since etching removing of the semiconductor chip 14 field through which the 
current poured in from the p lateral electrode 8 does not flow is carried out, a current 
constriction effect can be made the highest, and the luminous efficiency of the light emitting 
device H can be raised further. 

[0036] What is shown in drawing 10 is section structure drawing showing the light emitting 
device I which is still more nearly another example of this invention. On n-GaAs substrate 
1, the light emitting device I carries out crystal growth of the n-AIGalnP lower clad layer 2, 
p-AIGalnP or the p-GalnP barrier layer 3, the p-AIGalnP top cladding layer 4, and the 
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lower p-AIGaAs current diffusion layer 5, and continues. After carrying out crystal growth of 
the n type reverse conductive layer 16, the upper p-AIGaAs current diffusion layer 5, and 
the p+-G?As cap layer 7 one by one and obtaining the semiconductor chip 17, While 
removing the cap layer 7 except the field which forms the p lateral electrode 8 of the 
semiconductor chip 17, the current diffusion layer 5 of the upside to the reverse conductive 
layer 16 is removed rn part. A p type semiconductor layer (from the barrier layer 3 to the 
cap layer 7) is formed by carrying out crystal growth, doping Zn, and the reverse conductive 
layer 16 of the reverse conductivity type is formed by changing a dopant into Si temporarily 
and canying out crystal growth to it from Zn. The gate electrode 18 is formed in reverse 
conductive layer 16 top face which the upper current diffusion layer 5 was removed and 
was exposed, and gate voltage can be impressed now from the exterior. Moreover, the p 
lateral electrode 8 is formed in cap layer 7 top face, and the n lateral electrode 9 is formed 
under GaAs substrate 1 , respectively. 

[0037] If it is in the state where gate voltage is not impressed to the gate electrode 18 if it is 
in this light emitting device I, between the reverse conductive layer 16 and the current 
diffusion layers 5 under it serves as a reverse bias, and the reverse conductive layer 16 
works as a high resistance layer near an insulating layer, and is in the state where there is 
no current in ******** flow. For this reason, as shown in drawing 11 (a), like a dam, the 
charge poured in from the p lateral electrode 8 is dammed up by the reverse conductive 
layer 16, is diffused in the cross-sectional longitudinal direction of the current diffusion layer 
5, and is accumulated in reverse conductive layer 16 top face. Then, if forward gate voltage 
is impressed to the gate electrode 18, the reverse conductive layer 16 will turn into a lower 
resistance layer, and will serve as conductivity. The charge accumulated in reverse 
conductive layer 16 top face as the work same with the gate ON signal having been 
impressed to the thyristor was shown and it was shown in drawing 11 (b) is poured in at a 
stretch in the state where it was spread in the longitudinal direction at a barrier layer 3. As a 
result, in almost ail the fields of a barrier layer 3, a charge flows in at a stretch, and the 
luminous efficiency and the maximum optical output of the light emitting device I can be 
heightened. 

[0038] In addition, since the reverse conductive layer 16 will work as a lower resistance 
layer if it changes into the state where gate voltage was impressed if it is in this light 
emitting device I, the charge poured in from the p lateral electrode 8 is not accumulated in 
reverse conductive layer 16 top face. For this reason, an inrush current flows into a barrier 
layer 3 from the p lateral electrode 8, without being spread in a longitudinal direction, and 
as shown in drawing 1 1 (c), a current comes to be poured in only near the barrier layer 3 
field of p lateral electrode 8 directly under. Therefore, it is desirable to impress pulse form 
voltage to the gate electrode 18, and to use as the pulse light source. 
[0039] Moreover, after carrying out crystal growth of the semiconductor chip 17, doping an 
impurity if it is in formation of the reverse conductive layer 16 it not only carrying out crystal 
growth, but it is good also by performing an ion implantation. If an ion implantation will be 
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carried out, there is an advantage that crystal growth can be easily performed as a single 
is easily removable. " 

[0040] Moreover, although a graphic display is not carried out it is good for the light 
emitting device which has current stricture structure like the light emitting device E and the 
light emitting device G also as making a reverse conductive layer form. Since a current can 
be made to fully pour into the field of the barrier layer 3 corresponding to a light-emitting 
window, especially a central region also in this case, it cannot be overemphasized that 
effectiveness is also large at the point of raising luminous efficiency more and making ring 
luminescence canceling. 

[0041] In each above example, although explained using the p type semi-conductor layer 
(from the barrier layer 3 to the cap layer 7), a light emitting device can also be formed using 
a n type natural semi-conductor layer. Moreover, although the high resistance layer 6 and 
the reverse conductive layer 16 are formed in the current diffusion layer 5, if it is not 
necessary to necessarily prepare in the current diffusion layer 5 and prepares between the 
barrier layers 3, such as current diffusion layer 5 an upside or the bottom, and the cap layer 
7, the current poured in from the p lateral electrode 8 can be diffused in a cross-sectional 
longitudinal direction. Moreover, although the effectiveness of the high resistance layer 6 or 
the reverse conductive layer 16 can be heightened more by forming the current diffusion 
layer 5, there is not necessarily need of forming the current diffusion layer 5. Moreover, it is 
good also as establishing caudad current stricture structure, such as forming an insulating 
layer 1 3 in the lower clad layer 2 etc., rather than a barrier layer 3. 
[0042] Thus, if it is in this invention, moreover, a small light emitting device with a large 
output can be offered with high luminous efficiency. If it is in some which have especially 
current stricture structure, it can be considered as the light emitting device of the high- 
output diameter of minute luminescence. Therefore, highly efficient Optical Apparatus Sub- 
Division which has high resolution can be offered by using such a light emitting device. The 
example is explained below. 

[0043] Drawing 12 is the explanatory view showing the outline of the optical distance 
sensor J in which the semi-conductor light emitting device 21 of this invention was used. 
This optical distance sensor J consists of the floodlighting section which consists of the light 
emitting device 21 and collimate lens 22 of this invention, and a light sensing portion which 
consists of a light-receiving lens 23 and a location sensing element 24. 
[0044] Moreover, drawing 12 expresses the case where the level difference q of the 
irregularity which an object 25 has by the distance-robot J concerned is measured. After 
light emitted from the semi-conductor light emitting device 21 is parallel-beam-ized with a 
collimate lens 22, it is irradiated on an object 25, generates the beam spots [ SP / SP and / 
2 ] 1 , and carries out image formation of the reflected image of the beam spots [ SP / SP 
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and / 2 ] 1 on the location sensing element 24, respectively. These image formation 
positions can be detected with the signal line 26 of the location sensing element 24, and the 
signal ratio obtained by 27, and a level difference q is computed using the principle of 
trianguiation from the amount of location gaps. 

[0045] The semi-conductor light emitting device 21 of this invention is high power, and is 
the thing of the diameter of minute luminescence. Since there is a 350-micrometer angle 
grade as for the usual light emitting diode, i.e., the emission face product of the light 
Although long-distance detection and detection of high degree of accuracy are difficult, if 
they use the semi-conductor light emitting device 21 by this invention for such a distance 
sensor J, long-distance defection can be possible for them, and moreover its beam spot 
diameter can be small, and they can raise resolution. If laser diode is used, detection of 
high degree of accuracy will be attained by a long distance, but in order to use a laser 
beam, there is a problem by the safety aspect On the other hand, it is if the high power of 
structure like the semi-conductor light emitting device 21 of this invention and the light 
emitting diode of the diameter of minute luminescence are produced, It can detect also by a 
long distance and, moreover, a safe component also with a small beam spot diameter and 
high resolution can be obtained. 

[0046] Drawing 13 is the perspective view showing the bar code reader K using the semi- 
conductor light emitting device 31 by this invention. This bar code reader K consists of the 
scanner motor 34 made to rotate the semi-conductor light emitting device 31, the 
floodlighting side condenser lens 32, the rotating polygon 33, and the rotating polygon 33 
with constant speed in the fixed direction, a uniform scanning lens 35, a light-receiving side 
condenser lens 36, and a photo detector 37. 

[0047] A deer is carried out, after the light emitted from the semi-conductor light emitting 
device 31 is scanned horizontally and is uniform-velocity-ized with the uniform scanning 
lens 35 while passing along the floodlighting side condenser lens 32 and being reflected by 
the rotating polygon 33, it is condensed on a bar code 38 and it has a bar code 38 top 
scanned. Furthermore, it is condensed on the photo detector 37 with the light-receiving side 
condenser lens 36, the reflected light from a bar code 38 is detected, and a bar code signal 
is acquired. 

[0048] [ in / such a bar code reader K ] supposing it condenses on the bar code of 250mm 
beyond with a condenser lens with a focal distance of f= 15mm using the conventional LED 
(400 micrometers of diameters of luminescence) of a surface light mold Because of the 
badness of the condensing nature, the beam diameter on a bar code becomes large at 
about 6.7mm or more, and a bar code (generally minimum line width is 0.2mm) cannot be 
read at ail. 

[0049] On the other hand, if it is in the bar code reader K using the semi-conductor light 
emitting device 31 by this invention Since-izing of the diameter of luminescence can be 
carried out [ the diameter of minute luminescence J to about 10 micrometers, even when it 
is made to condense on the same conditions, the beam diameter on a bar code can be 
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extracted to below the minimum line width (a little less than 0.2mm) of a bar code, and a 
bar code can be read. 

[0050] It is optical coupling equipment which is shown in drawing 14 , and, specifically, it is 
the plane configuration mold photo coupler L using the semi-conductor light emitting device 
41 by this invention as the light source. As for this photo coupler L, die bonding of the semi- 
conductor light emitting device 41 and the semiconductor photo detector 42 is carried out to 
a leadframe 44 and 45, respectively. Wirebondlng is carried out to still more nearly another 
leadframe 43 and 46, in the state, in transparent epoxy resin 47, it is closed and the opaque 
resin layer 48 is formed in the surface of transparent epoxy resin 47. Generally, although a 
photo coupler has many things of the configuration where the light emitting device and the 
photo detector met, as for this plane configuration mold photo coupler L, it has been the 
description that the light emitting device 41 and the photo detector 42 are arranged on the 
same flat surface. 

[0051] Since shaping can be done simply in the case of such a plane configuration mold 
photo coupler L, production becomes easy, but the point that high coupling efficiency is not 
acquired unless it enlarges luminescence intensity is a problem. In the such-shaped photo 
coupler L, since luminescence of high power [ direction / rather than / which used the light 
emitting device 41 concerning this invention ] is obtained using the conventional semi- 
conductor light emitting device, high coupling efficiency can be acquired. Moreover, 
transparent epoxy resin 47 is fabricated in the shape of an ellipse ball, and since the 
diameter of luminescence is small if the light emitting device 41 by this invention is used in 
this case although coupling can be carried out efficiently when the light emitting device 41 
and the photo detector 42 are arranged so that it may come to each focus of an ellipse ball, 
higher coupling efficiency can be acquired. 

[0052] Projector M is explained to drawing 15 as an example of luminescence equipment 
While carrying out die bonding of the semi-conductor light emitting device 51 of this 
invention on one leadframe 52, where wirebonding is earned out to the leadframe 53 of 
another side, by closure resin 54, such as transparent epoxy resin, carry out low voltage 
casting of this projector M to a predetermined configuration, and it is closed. It is constituted 
by the appearance of the letter of an angle block as a whole. While the FURENERU mold 
plate-like lens 55 which arranged many annular lens units concentrically is really formed in 
the surface of closure resin 54 The AGO section 56 a little higher than the same height as 
the FURENERU mold plate-like lens 55 or the FURENERU mold plate-like lens 55 is 
protruded on surface both sides, and the FURENERU mold plate-like lens 55 is protected 
by the AGO section 56. 

[0053] In the case of this projector M, the semi-conductor light emitting device 51 is high 
luminous efficiency, since it moreover has a minute luminous region, the directional 
characteristics of light narrowwze with the FURENERU mold plate-like lens 55, an output is 
strong and a narrow beam is obtained also in a long distance. For example, when the 
FURENERU mold plate-like lens 55 is the focal distance of f= 4.5mm, and lens 3.5mm in 



diameter and the light-emitting window of the semi-conductor light emitting device 51 is 20 
micrometers in diameter, the beam diameter in the distance of 1m is about 4mm in 
diameter. However, in the usual light emitting diode (namely, thing whose emission face 
product of the light is a 350-micrometer angle grade) used conventionally, since it spreads 
to about 70mm in diameter, a big merit is obtained by producing Projector M using the 
semi-conductor light emitting device 51 by this invention. 
[Effect of the Invention] If it is in the 1 st semi-conductor light emitting device by this 
invention, by preparing the high resistance layer in the semi-conductor layer between a 
barrier layer and a surface electrode, a cross-sectional longitudinal direction can be made 
to be fully able to diffuse an inrush current, without thickening thickness, and a large current 
can be poured into all the fields of a barrier layer. Therefore, high luminous efficiency and a 
high-output high light emitting device can be offered, without being able to make the good 
semi-conductor layer of the crystal structure form, and spoiling dependability. 
[0054] Since the poured-i'n current will flow through the field where a high resistance layer 
does not exist jf a high resistance layer is prepared at this time so that the partial field of the 
current route between a surface electrode and a barrier layer may be crossed, the electric 
resistance between a surface electrode and a rear electrode can be made smaller. For this 
reason, a bigger current is poured In and luminous efficiency can be raised further. 
[0055] Furthermore, it can prevent that the current directly under a current injection region 
of a surface electrode poured in from the surface electrode when deciding the whole or to 
prepare in part at least flows through a high resistance layer into a barrier layer straightly, 
and a current can be made to pour in to a light-emitting window and a corresponding active 
layer region. Therefore, the luminous efficiency of a light emitting device can be raised 
further. Since a current can be made to pour even into the core of a luminous layer and a 
corresponding active layer region if It is in the light emitting device which has current 
• stricture structure especiaUy, what is called ring luminescence can be canceled and a 
uniform luminous region can be obtained. 

[0056] If It is in the 2nd light emitting device of this invention, the charge poured in from the 
surface electrode is diffused in a cross-sectional longitudinal direction, and is accumulated 
in a reverse conductive layer top face by the reverse conductive layer of the reverse 
conductivity type formed in the semi-conductor layer between a barrier layer and a surface 
electrode. At this time, if voltage is independently impressed to a reverse conductive layer, 
a reverse conductive layer will change to a lower resistance layer, and the charge 
accumulated in the state where it was spread in the longitudinal direction is poured in at a 
stretch at a barrier layer. Therefore, high luminous efficiency and a high-output high light 
emitting device can be offered, without being able to make the cross-sectional horizontal 
method diffuse an inrush current enough, and spoiling dependability by a thin reverse 
conductive layer. 

[0057] Moreover, since a current can be poured into the field of the barrier layer 
corresponding to a light-emitting window by considering it as the light emitting device of 
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current stricture structure, luminous efficiency can be raised further. 
[0058] Since you can make it emitted to the exterior from the surface electrode side by 
reflecting the light emitted to the substrate side from the barrier layer with a multilayer 
reflecting film if a multilayer reflecting film is furthermore prepared between a substrate and 
a barrier layer, luminous efficiency can be raised further. 

[0059] Moreover, it can be made to high-resolutibn-ize by using these semi-conductor light 
emitting devices for luminescence equipment, optical detection equipment, optical- 
information-processing equipment, or optical coupling equipment. 

[Translation done.] 
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(1) JP 8-32 111 A 

(2) US 6 066 862 A 

(3) US 5 789 768 A 

Examination is being carried out on the original documents, received 
September 24, 2003, in particular claims 1 to 12. 

The subject-matter of the present claim 1 is judged as follows vis-S-vis the 
prior art: 

Document (1) (cf Figs. 1 and 2 and their descriptions) discloses a LED 
comprising: 

a substrate (1), 

which has a first electrode (9) provided thereunder, and 

on which the following layers are formed in the order indicated below: 

a first cladding layer (2), 

an active layer (3), 

a second cladding layer (4) and 

a second electrode (8), 
wherein the following layers are formed between the second cladding layer (4) 
and the second electrode (8): 

a buffer layer (6) having a high specific resistivity (cf the Abstract) 

higher than that of at least one of the layers concerning the first 

cladding layer (2), the active layer (3) or the second cladding layer (4); 

(a person skilled in the art implies this when reading the term "high 

resistivity layer"), 

a contact layer (5) formed thereover and 

a transparent conductive layer (7) formed thereover. 

Please note that each layer is transparent as long as it is not indicated for 
which radiation, so that this feature applies also to layer (7) although it is not 
transparent to the radiation emitted in the active layer. Since the subject- 
matter of the present claim 1 owns no additional features, it thus lacks novelty 
and is not patentable. 
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Furthermore a LED is known from Document (2) (cf Fig. 2 in connection with 
its description), comprising : 
a substrate (200), 

which has a first electrode (box below not designated) provided 
thereunder, and 

on which the following layers are formed in the order indicated below: 
a first cladding layer (201), 
an active layer (202), 

a second cladding layer (203 = upper cladding layer) and 
a second electrode (box above, not designated), 

wherein the following layers are formed between the second cladding layer 

(203 = upper cladding layer) and the second electrode: 

a buffer layer (203 - high resistivity layer) having a high, specific 
resistivity (cf col. 2, lines 54-63) higher than that of at least one of the 
layers concerning the first cladding layer, the active layer or the second 
cladding layer (cf also col. 2, line 64, to col. 3, line 4), and 
a contact layer formed thereover (203 = ohmlc contact layer). 

Accordingly, the subject-matter of claim 1 is distinguished from that of 
Document (2) only by the transparent conductive layer which is missing in 
Document (2). 

However, the LED according to Document (2) has the drawback that it emits 
light also under the second contact, this light being absorbed by the second 
contact. Document (3) shows how this can be prevented. One of the solutions 
(Fig. 5A) resides in removing the contact layer (58) under the contact (62) and 
forming a transparent layer of good conductivity on the contact layer (58) (cf 
also col. 4, lines 45-58, of Document (3)). It is obvious to a person skilled in 
the art to use the improvement disclosed in Document (3) also for the LED 
disdosed in Document (2). Consequently, he will omit the contact layer (203 = 
ohmic contact layer) in Fig. 2 of Document (2) under the second contact and 
will provide a transparent conductive layer on the contact layer. In doing so, he 
will arrive at the subject-matter of claim 1 and also of claim 3 by an obvious 
combination of Documents (2) and (3) so that that these claims are not 
allowable. 
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The features of claim 2 are comprised in claim 1 so that claim 2 which merely 
repeats features should be deleted anyway. 

Both according to Document (1) (cf paragraph 21) and Document (2), the 
active layer comprises AIGalnP so that the feature of claim 4 involves no 
inventive step. 

A multi-quantum well structure is known from Fig. 3 of Document (2) so that 
the subject-matter of claim 5 involves no Inventive step either. 

According to Document (1), the high resistivity layer (6) comprises AIGaAs (cf 
para. 21 in conjunction with para. 23) so that the subject-matter of claim 6 
lacks novelty. 

This applies also to the subject-matter of claim 7 because according to 
Document (1) the contact layer (5) comprises AIGaAs (para. 21). 

According to Document (3), the transparent conductive layer comprises indium 
tin oxide (ITO) (cf col. 4, lines 59-61) so that the features of claim 8 involve no 
inventive step. 

Claim 9 repeats some features of claim 6 and adds a few further features. As 
explained in connection with claim 6, the buffer layer according to Document 
(1) comprises AIGaAs so that neither the feature of claim 9 involves an 
inventive step. 

The feature of claim 10 is known both from Document (1) (para. 21) and 
Document (2) (Fig. 2) so that it does not involve an inventive step. 

A LED having a DBR reflector (12, para. 30) is known from Fig. 5 of Document 
(1). Since this LED also owns the features of claim 1, the subject-matter of 
claim 11 lacks novelty and thus is not patentable at least when subordinated to 
claim 1. 
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This applies also to the subject-matter of claim 12 because the DBR reflector is 
composed of layers comprising AlAs and AIGaAs (para. 30). Also Document (3) 
describes a DBR reflector comprising AIGalnP or AIGaAs (para. 5, lines 32-42). 

To summarize, it is to be noted that at present the Examienr is unable to see 
any matter in the rest of the documents which involves an Inventive step. 
Under these circumstances the grant of a patent is not possible. The Applicant 
rather must expect the application to be rejected. 

Examiner for class H01L 
Dr.rer.nat. Zebisch 
Extension: 2002 

Ends.: 

Photocopies of 3 citations. 
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